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TEL001 – Summary of the April 2006 Repair Work 
19-Sep-2006 

Jamie Blowers, Technical Division 
 
 
This is a brief summary of the work done to repair TEL001 (pressure vessel RSB-0536) 
in April 2006, during the extended shutdown. We attempted to capture the hours on job # 
395 (project/task 30/30.9.1.1.5.1.1). According to TDCharge we logged 340.5 hours on 
this job. In addition 74.5 hours were logged on Machine Shop job V8559. 
 
The work entailed identifying the location of the leak and then opening the magnet up so 
that repairs could be completed. This work entailed opening up the single-phase, and so 
the cryo-safety panel required that a pressure test be completed. There is a more detailed 
“blog” of the chronology of the work attached to this report. 
 
Documentation:
 

 Incoming inspection traveler (TR-308871) issued 18-Apr-2006 
 Discrepancy Report number 4349 
 TEL001 repair “blog” 
 One picture of the repaired tubes. Notice that flex-hose was used, and we included 

a G10 block for support (see note from Cryo-safety review memo). In addition, 
numerous pictures are located in the network folder below. Each folder is dated 
and contains a brief statement of what the pictures are: 

\\tdserver1\project\proeng\MagnetPhotos\TEL\TEL001, or via http 
http://tdserver1.fnal.gov/project/proeng/MagnetPhotos/TEL/TEL001 

 Cryo-safety review memo (Bill Cooper) 
 Pressure test plan (Bill Soyers) 
 Pressure test permit and record 
 Pressure vessel note amendment (proposal by Bill Soyers) 
 Various drawings, mostly ones from IHEP. There is one from AD which shows 

the voltage tap configurations. 
 
In addition, we also used the AD borescope/video system to record (on VHS tape) the 
finding of the leak and broken bellows, and the visual inspection of the welds after the 
repairs were completed. Todd Johnson should have the tape. 
 
As of the writing of this note I do not see a new or updated pressure note on the ES&H 
Section web page. 

http://tdserver1.fnal.gov/project/proeng/MagnetPhotos/TEL/TEL001


























TD / Engineering  Fabrication Specification No.: 5520-FM-318902
February 1, 2002

Rev. K

4349

Dennis Gaw 6/8/2006 9:06:06 AM

xx

Traveler instructs to, Perform a Vacuum Leak check of the following systems and record results below using
 MD-124720 and ES-124233.
Actual leak testing discovered a leak in the helium return line. The single phase leaks to the insulating vacuum.

301871 D

5.1 1128-01-00-00-00SB-l1

The bellows pressure damage probably due to quench.

6/8/2006 10:11:14 AMSasha Makarov

Traveler Title:
Tevatron Energy Saver Dipole Magnet Incoming Inspection

Specification No:

Drawing No:Step No:

DR No:Revision:

TEL001

Discrepancy Description:

Routing Form No: Serial No:

Responsible Authority:

Cause of Nonconformance:

Date:Originator:

Date:

0
Rework ID:

Discrepancy Report Form 4349DR No:



TD / Engineering  Fabrication Specification No.: 5520-FM-318902
February 1, 2002

Rev. K

Material Manpower Method Machine Measurement

YES NO

1. Cut the window through the vacuum vessel and nitrogen shield.
2. Cut bellows on both supply and return lines.
3. Replace bellows with the braided flexible SS hoses.
4. Single phase pressure test with nitrogen at 290 PSI for 10 minutes.
5. Single phase vacuum leak check.
6. Weld the nitrogen shield patch.
7. Install back the superinsulation.
8. Weld the vacuum vessel patch.
9. Vacuum test.
Disposition verify notes: Performed all step described in the disposition. TEL 1 single pahse leak has been repaired. All 
systems are hekium leak tight.

Sasha Makarov 6/8/2006

None

Sasha Makarov 6/8/2006

Dennis Gaw 12:00:00 AM

Bob Jensen 6/9/2006

Date:

Disposition:

Responsible Authority:

Date:Responsible Authority:

Corrective Action to Prevent Recurrence:

Corrective Action/Disposition Verified By:

Identified problem area:

Will Configuration be affected?:

Date:

Date:

Reviewed By:

Discrepancy Report Form 4349DR No:



This note is an attempt to document the details of the TEL #1 (TEL001) leak 
investigation and subsequent repair. 
 
09-Mar-06 
The AD mechanical guys found the mystery leak in F4; it was TEL #1. 
http://www-bd.fnal.gov/cgi-mach/machlog.pl?nb=tev06&action=xe&page=58&time=06:13:48 
 
It is assumed that this popped as a result of the F4 quench which ended the last store 
before the current shutdown. We note that TEL #1 had electrical problem repaired in TD 
in 2000. 
 
13-Mar-06 
TEL #1 was received at IB2, and leak checking began. Within a day Denny Gaw had 
located a leak on the single-phase return line. Todd Johnson also brought over a 
borescope, and video was taken of the innards of the helium space. It was discovered that 
the inner bellows liner on the helium inlet line was quite deformed (it, however, did not 
leak). There is a video tape of the investigation. 
 
15-Mar-06 
A “meeting of the minds” took place between TD and AD personnel. It was agreed that 
the plan of attack was to send the device to VMS and have it opened up. We will repair 
both lines, since we are going to be inside. 
 
17-Mar-06 
TEL001 sent from IB2 to VMS. They soon began the work of opening up the vacuum 
space to get to the helium lines. Their job number was V8559 (they used task number 
20.20.1.1.21 for some reason). 
 
23-Mar-06 
Magnet had been opened up at VMS. They had removed the outer SS plate, the super-
insulation, the copper shield, and the two helium pipes. They also cut out the double-
bellows, and did the weld prep for the new parts to be welded onto the pipes. The names 
of the machinists are in the table at the bottom of this blog; the primary guy was Phil 
Cowen. 
 
27-Mar-06 
Tom Peterson and Sasha looked at the magnet at VMS. It was determined that we should 
replace the double bellows with flex hose, which should provide a more robust design for 
squirm protection during thermal changes and quenches. 
 
xx-yy-06 
TEL001 was moved from VMS to IB2 
 
xx-Apr-06 
The flex hoses were welded onto the helium pipes, and the parts were brought over to 
IB2. I do not know for sure who did the welding, but the records in TDCharge show that 
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Mike Reynolds did work on job V8559, so it’s likely he was the welder.  I also do not 
know if the parts were leak checked. 
 
07-Apr-06 
The Cryo Safety Committee met around the device, and concluded that an official visual 
inspection, leak check, and pressure test should be done as a result of the rewelding on 
the helium lines. 
 
11-Apr-06 
The flex hoses and pipes were welded onto the device by Bob Williams. Todd Johnson 
brought over his camera so that we could do a visual inspection of the welds to verify full 
penetration. The first inspection showed that there was some areas on both lines which 
did not have full penetration, so Bob Williams did a second pass. The second inspection 
showed improvement in the return line, but the feed line actually looked a little worse. It 
was agreed that this was as good as we were going to get them. 
 
The 2nd video inspection, done after the second pass of welding, was recorded on the AD 
tape. 
 
12-Apr-06 
Pump down started for a leak check. Initial results looked promising (i.e. no major leaks 
were found). 
 
13-Apr-06 
Final leak check was completed, and passed by Jan Szal. 
 
14-Apr-06 
Began setting up for the pressure test, which is planned for Monday 17-Apr at 4pm. We 
used the copper lines and regulator from ICB, and the pressure gage and relief valve from 
Bill Soyers. The setup was slightly different than the cartoon in Bill’s test plan document, 
in that the return line was capped (actually the ball valve was simply closed), and the 
pressure relief was T’d off of the pressure gage on the intake line. 
 
17-Apr-06 
Pressure test successfully completed. It was held at 290 psig for 10 minutes. Those 
present were: Rich Ruthe, Bill Soyers, Jamie Blowers, and Sasha Makarov, with door 
‘guards’ Bob Jensen, Dan Smith, Junior Jones and Wayne Ostrom. 
 
18-Apr-06 
Pressure testing tooling was removed, and pump down for leak checking was started. By 
the afternoon the vessel was certified as leak tight, both in the helium space and in the 
nitrogen space. By the end of the day the outer plate had been removed. There should be 
pics. 
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19-Apr-06 
The copper shield was welded into position, and super-insulation was applied. There 
should be pics at each step. 
 
21-Apr-06 
The final leak check was done, and passed. We have asked AD if they would like to do 
any electrical testing. 
 
24-Apr-06 
Dan Wolf and another AD person were over today and were running electrical tests. I 
asked them to send us a summary of their work. They are going to send Denny a 
schematic of the electrical connections. 
 
25-Apr-06 
Two Russian gentleman were over today to put the end can onto the TEL. They 
encountered some problems, not connected to anything TD had done, but they were 
working through them. One problem is that the wire for the wire scanner had been burned 
up, and it had coated a ceramic with metal which caused a short. They had repaired that 
problem, and were hoping to have the magnet ready to do by the end of the day (it was 
going to be a late day for them if they did that). 
 
27-Apr-06 
Presumably the AD work on TEL001 has been completed, as it has now left IB2. 
 
Here’s a breakdown of the hours spent on job 395 (415 hours total): 
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Fermilab
 

      
 

April 10, 2006 
 
 

To: Roger Dixon 
 Head, Accelerator Division 
From: W. E. Cooper 
 Chairman, Tevatron Cryogenic Safety Review Panel 
Subject: TEL-1 and TEL-2 Magnets 
 
Dear Roger, 
  
Friday April 7, four members of the Tevatron Cryogenic Safety Review Panel, accompanied by W. 
Soyars, J. Volk, and people who would perform repairs, looked at the TEL-1 magnet and the repairs 
proposed for it.  While the detailed mechanism for failure of piping within its vacuum space is not fully 
understood, our judgment is that the proposed repairs adequately address a similar future failure.  The 
end of one internal pipe moved downward until it caught on a convolution of double-walled bellows.  The 
internal of the two bellows walls was subsequently torn.  The external wall of the bellows remained intact.  
This type of failure will be avoided in the future by shortening the pipe and replacing the bellows with a 
flex hose.  The flex hose will limit downward motion of piping.  A stand-off may also be added to control 
motion, but we regard that as optional.  We note that no leak to vacuum was observed at this location. 
  
The second, similar but shorter, internal line does not appear to have suffered the same type of bellows 
failure.  Nevertheless, a leak was observed in the vicinity of its bellows.  The specific location of the 
leak has not determined.  The second set of bellows has been removed, and will also be replaced with a 
flex hose. 
  
Since the location of the leak in the second line has not been determined and could be through a weld, 
the Panel recommends that in-process inspection of welds be included in the repair procedure.  We 
consider in process inspection, a pressure test, and a helium leak check to be adequate alternatives 
to radiography of the welds.  That combination, plus the design change of replacing bellows with flex 
hoses, should ensure that the TEL-1 magnet can be operated safely. 
  
We note that similar issues appear to exist for TEL-2, which we were told has already been installed.  
Since we understand that the design of TEL-2 is identical to that of TEL-1, we believe that a similar failure 
should be anticipated.  The Panel has been told that symptoms of a leak to vacuum are already present 
in TEL-2.  Our understanding is that no immediate remedial action is planned for TEL-2. 
  
Present Tevatron approval prohibits powering of magnets with personnel present in the tunnel.  For that 
reason, the Panel regards a leak to vacuum as an operational issue, but not an issue of personnel 
safety.  We recommend that you consider operational consequences of a failure to vacuum and develop 
a plan to address them. 
  
Regards, 
W. E. Cooper 
On behalf of the Tevatron Cryogenic Safety Review Panel 
 
cc: 
 
A. Makarov 
D. Harding 
J. Blowers 
W. Soyars 



J. Volk 
J. Anderson, Jr. 
R. Schmitt 
Review Panel Members 
(W. Cooper, P. Hurh, R. H. Lewis, T. Peterson, C. Sylvester) 



Repaired TEL 1 Helium Vessel Pressure Test at IB2 
Bill Soyars (AD/Cryo) 

April 11, 2006 
 

Introduction 
 

The TEL 1 solenoid magnet pressure vessel (Fermilab RSB536; note that some 
earlier documentation referred to it as RSB 520) originally was fabricated at the Institute 
for High Energy Physics in Protvino, Russia.  This device has seen service in the 
Tevatron at F48 since 2000. The rated MAWP is 260 psia. Repairs were required to fix a 
He-to-insulating vacuum leak on a bellows, and to fix a squirmed bellows. Both failed 
double-walled bellows were removed and replaced with braided flex hose.  
 

The pressure test will be similar to the one conducted 10/6/00 for TEL 1. The 
pressure test will be performed at a 110% of maximum allowable working pressure 
(MAWP) or 290 psig in order to re-certify this vessel.  The pressure test will follow 
ES&H Chapter 5034 Rev. 3/2001 guidelines and a Pressure Test Permit (shown in 
Exhibit B) completed.  A 0-600 psig pressure gauge (calibrated 9/30/04) will be used for 
the pressure test and connected directly to the vessel in plain sight of operator.  All 
personnel are required to read, understand and sign-off on the procedure, enclosed below.     
 
Materials Required 
O-ring sealed Goddard fitting caps. (2)  have 
Caps for main current leads (2)    
Cap for small current leads (1) 
Cap for Kautzky port (1)   have 
350 psig relief.     have 
0-600 psig gage.     have 
Nitrogen cylinder with regulator 
 
Precautions of Pressure Test 
 

• A door guard and signs will be positioned to prevent access to test area during the 
pressure test  

• All personnel will wear a hard hat and safety glasses 
 



Procedure of Pressure Test 
 

1. Cap three TEL 1 lead vents. 
2. Cap Kautzky relief port 
3. Cap two bayonet Goddard fittings. 
4. Install safety relief valve with 350 psig set point as shown in Figure 1.  
5. Install 0-600 psig test gage as shown in Figure 1.   
6. Connect, high pressure nitrogen gas cylinder with regulator to bayonet port as 

shown in Figure 1.   
7. Gradually pressurize the vessel to ½ of ultimate test pressure (per ASME Boiler 

Code UG-100). Since Test Pressure is 290 psig, this value is 145 psig.  
8. Check for leaks in the manifold assembly using snoop.  
9. If a leak is detected, tighten the fitting and continue.  
10. After all leaks are tight, increase the pressure to in increments of about  30 psi 

(about 10% of ultimate test pressure). If leak found, depressurize and fix. 
11. Hold at 290 Test Pressure for 10 minutes.  
12. Reduce pressure to 260 (90% of Test Pressure) and inspect for leaks.  
13. After inspection, relieve the vessel of its pressure gradually through a vent valve 

at bottle manifold. Disconnect pressure source. 
 
 
 
 
Reviewed by:_________________________                       Date:___________________  
                (Richard Ruthe, TD ES&H) 
 



 

NOTE: Vessel 
number is actually 
RSB536. 

Note: The actual setup used was 
slightly different than depicted 
here, in that the return line was 
capped (actually the ball valve was 
simply closed), and the pressure 
relief was T’d off of the pressure 
gage on the intake line. 

 
Figure 1.  Schematic of TEL1 Pressure Test at IB2. 

 



The test coordinator or his/her designee has reviewed this procedure with me and I 
understand the procedure, associated pressure test hazards and required precautionary 
actions. I will follow the requirements of this procedure and hazard analysis or notify my 
supervisor if I am unable to do so. 
 
 
          Name (print)                                     Signature                                        Date   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





Amendment 1 to Eng. Note RSB 536  
Beam-Beam Compensation Solenoid (TEL1) 

 
B. Soyars 

May 15, 2006 
 

 
Introduction 

The TEL 1 solenoid magnet pressure vessel, originally fabricated at the Institute 
for High Energy Physics in Protvino, Russia, has seen service in the Tevatron at F48 
since 2000. Following a room temperature warm-up, a He-to-insulating vacuum bellows 
leak was found in March 2006. Repairs were required to fix the leak and to fix a second, 
distorted bellows. The problems are with the double-walled bellows on the bottom 
portion of the TEL1 He supply and return bayonet connections. Both failed double-
walled bellows were removed and replaced with braided flex hose.  

This amendment documents the problem analysis and design remedy. It is 
composed of contributions from many sources: AD/Tevatron, AD/Mech. Supt., AD/Cryo, 
TD/Fabrication, and the Tevatron Cryo Safety Panel. 
 
Failure Analysis and Design Remedy Summary  

The leaking bellows did not reveal external or internal visual damage. 
Nevertheless, a leak was observed in the vicinity.  The specific location of the leak was 
not determined. Weld quality or porosity is the suspected cause.  Other welds in this 
vicinity were seen to be oxidized, suspected to have been poorly purged during welding. 
This set of bellows was removed and replaced with a flex hose. 
 

The distorted bellows had its internal wall torn, while the external wall remained 
intact (and leak tight). We suspect failure was due to insufficient support against internal 
pressure. It is hypothesized that downward motion allowed convolutions to catch and 
tear. This set of bellows also was replaced with a flex hose.  Similar failure will be 
avoided by limiting downward motion of piping.    
  
New Flex Hose Design Geometry:  
The bellows is braided stainless steel hose with 1.00 ID and 1.58” OD (Flexonics type 
401M) with 1” x 0.049 tube ends.  

a) Short bellows on He inlet is 2.75” long. 
b) Long bellows on He return is 5” long. 

 
Compare Flex Hose Specifications to Design Requirements 
1.  Pressure Rating 

a) Maximum pressure during 1000 GeV Tevatron quench is 180 psia. 
 
b) Pressure rating of flex hose being added: MAWP = 645 psig.  
Max. Test Press. = 965 psig. Nominal burst pressure = 2580 psig. 

 
 



2. Thermal motion  
a) Thermal motion to accommodate as lateral offset on He return:  
90 in x (2.96 x 10-3) = 0.26 in. 
 
b) The 5” long flex hose handling this is rated for ½” lateral offset, per Flexonics 
specifications.  

 
3. Axial elongation. 
Check axial stretching under full pressure or quench pressure.  

a) Allowable clearance is about 1”. Conservatively design for ½”. 
 

b) Qualitative assessment: When appreciable internal pressure is applied to a 
corrugated metal hose, it will elongate unless restrained. Generally, this restraint 
is provided by a wire braid sheath over the hose. For small diameter hoses, 
typically the strength of the braid sheath is the limiting factor for resisting 
pressure. Therefore, if pressure is maintained below rated pressure, the hose is 
OK not only from pressure containment point of view but also from deflection 
along its longitudinal axis.  

 
c) In general, flex hose is quite stiff in this direction. If one can approximate a spring 

constant k or elasticity modulus E, then dL can be calculated. However, it is 
difficult to get precise spring constant specification, since braided flex hose 
parameters typically do not call for hose to see loaded motion in this direction. 

 
d) Qualitative assessment (approximate): Design for MAWP of 260 psia (1790 kPa) 

acting on 1” diameter tube. Assume stiffness value (E) for “7-strand steel wire 
rope” applies to SS braids. (Actual braids are bundles of 8 strands). Assume braid 
area consists of 0.010” dia. filaments around 1.58 bellows OD.  
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e) Conclusion: Very little deflection along longitudinal axis. Its important to note 

that “slack” in making up outer braid covering probably dominates. But it will be 
<1/2”. 

 
Fabrication quality assurance 
 
 
1. TD Quality Assurance documentation consists of: 



•  Incoming Inspection Traveler" (documents the finding of the leak and distorted 
bellows) 

• Discrepancy Reports (documents the work plan for correcting the problems), 
• Statement of the work completed (includes the names of the persons doing the 

work), 
• Additional records: visual inspection (recorded on tape) and leak check. 

2. Welds 
 

For weld quality assurance, “in-process examination of welding”, as part of above TD 
Quality Assurance documentation, was applied in lieu of radiography. (Ref. B31.3 
section 344.7.1.)  

3. Pressure Test 

Pressure test to 290 psig (110% of MAWP) was successfully completed on April 11, 
2006.  
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